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a broad dosage range  (1 to  100 yg/kg body weight),  Pegg observed that
the liver to  kidney ratio  for  alkylated  products was  4 to 7  times
greater after oral doses  than after  intravenous  administration.     In
one sense,   this  is  reassuring,  since 0"-methylguanine excision and
repair rates appear  to be higher in the liver  than in other organs  of
the rat  (Brash and Hart,   1978).     On the other hand,  this preferential
hepatic metabolism following oral intake  suggests  that  the total body
burden of  nitrosamines may be higher than estimates  based on peripheral
venous blood concentrations  (Pegg,   1980).

Activation and Deactivation

In common with a broad  range of  other  carcinogenic  agents
(Miller and Miller,   1971b),  the ultimate  toxic and carcinogenic
species  resulting  from the metabolism of  nitrosamines   are electro-
philes,  which are capable  of covalently reacting with cellular
macromolecules  including  DNA,  RNA,  and protein (Pegg,   1977).     However,
although tumor induction occurs only in organs in which alkylation
takes place (Magee and Barnes,   1967;  Magee et al. ,   1976;   Montesano
and Bartsch,   1976),  the nature  of  the alkylating molecule is not
known for any given nitros amine.     The primary reaction required  for
the activation of nitrosamines is considered  by most investigators
to  involve  an enzyme-mediated  a-hydroxylation requiring   reduced
nicotinamide adenine dinucleotide phosphate  (NADPH)  and oxygen.
3-Hydroxylation of   nitrosodialkylamines yielding  a nitr osome thy 1-
alkylamine may also occur  prior  to a-hydroxylation and may account
for me thy la t ion by longer chain nitrosodialkylamines  (Kriiger,   1972;
Lawson et al. ,   1981a,b).

Recent  studies with nitr osome thyl (ace to xyme thyl) amine  strongly
support the role  of a-hydroxylation (Pegg,   1980).     After intravenous
administration of   this nitros amine,  the  spectrum of  DNA-alkylated
products is identical to that observed after NDMA activation (Kleihues
et al. ,  1979).     Since neoplasms  are mainly induced  close  to   the  sites
of injection of nitrosomethyl(acetoxymethyl)amine  (Berman et al. ,
1979; Habs  et^ al. ,   1978;   Kleihues  et_ al. ,   1979;  Wiessler and  Schmahl,
1976),  and activation is  solely dependent on the activity of a ubi-
quitous esterase,   it appears   that  the only requisite  for activation
of the carcinogen is generation  of an a-nydroxylated product,   which
then undergoes  spontaneous decomposition and   leads  to  alkylation.
Mochizuki e_t al.   (1980)  recently succeeded in synthesizing the
a-hydroxy derivatives of  nitrosodialkylamines  and found that they
were not as unstable as previously believed.    Furthermore,  these
derivatives were recently  shown to   be mutagenic  (Maekawa  et  al. ,
1981).    Formaldehyde,  generated in the course  of  subsequent oxidative
demethylation,   is  entirely degraded to  carbon dioxide.     However,  it
may take a long time  for  carbon dioxide  to form,  especially since
other, rate-limiting reactions may occur during the  course of  degra-
dation (den Engelse e_t  al. ,  1975).     Thus,   it  does not  appear rea-
sonable to  expect  quantitative  recovery of carbon dioxide  in order